The effect of helminth co-infection on malaria in mice: a meta-analysis.
The question of how helminths may alter the course of concurrent malaria infection has attracted much interest in recent years. In particular, it has been suggested that by creating an anti-inflammatory immune environment, helminth co-infection may dampen both protective and immunopathological responses to malaria parasites, thus altering malaria infection dynamics and disease severity. Both synergistic and antagonistic interactions are reported in the literature, and the causes of variation among studies are not well understood. Here, meta-analysis of 42 mouse co-infection experiments was used to address how helminths influence malaria parasite replication and host mortality, and explore the factors explaining variation in findings. Most notably, this analysis revealed contrasting effects of helminth co-infection in lethal and resolving malaria models. Whilst co-infection exacerbated mortality and increased peak parasitaemia in ordinarily resolving malaria infections (Plasmodium chabaudi and Plasmodium yoelii), effects among lethal malaria infections (Plasmodium berghei) tended to be in the opposite direction with no change in parasitaemia. In the subset of experiments on cerebral malaria models (P. berghei ANKA strain in a susceptible host), helminth co-infection significantly delayed death. These findings are consistent with the hypothesis that depending on the existing balance of pro- and anti-inflammatory responses mounted against malaria parasites in a given host, immune responses elicited by helminth co-infection may either promote or inhibit malarial disease. However, despite such broad patterns, a prominent feature of this dataset was great heterogeneity in effects across studies. A key future challenge therefore lies in explaining the biological causes of this variation, including a more thorough exploration of non-immunological mechanisms of helminth-malaria interaction.